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Abstract 

 

The need for 

improvement on our 

construction materials 

arises each day as 

technology and 

demands for more 

complex structures 

increases day to day. 

Different materials 

have been developed 

and added to the 

concrete for the 

improvement in its 

strength. Some of 

these materials are 
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INTRODUCTION  

Since ancient time, 

mankind has been 

searching for 

construction 

materials with higher 

performance for the 

construction of more 

complex structures. 

There is a close 

relationship between 

the construction 

materials available 

and the tyre of 

structure we build. 

Obviously, certain 

tyres of structures can 

only be built after we 

have developed the 

appropriate materials 

for construction 

(schriftenreine 

Baustiffe and 

Massivball, 2004). 

Hence this has 

challenged 

researchers to engage 

in researches that will 

provide 

building/construction 

materials with higher 

performance, longer  
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readily available 

around us, lying as 

waste and could be 

recycled at minimum 

costs and efforts. Rice 

husk ash is a major 

example of these 

materials; it is 

obtained by the 

burning of rice husk 

which is a by-product 

in the production of 

rice, one of the most 

widely consumed food 

materials in the world. 

Another of such 

materials is used and 

discarded tyres which 

could be burnt to 

produce steel fibre; 

one of the major 

materials needed for 

the production of 

concrete which would 

possess higher 

strength and can 

satisfy the ever 

increasing demand for 

improvement for 

construction 

materials.  

 

durability and cost effective. Of all construction materials in the world, 

concrete is by far the most widely used because of its readily available 

constituent which include water, cement, aggregate, sand, e.t.c and also its 

durability. Concrete is also preferred as a construction materials because 

it does not require much maintenance practices. 

The major focus in the design of concrete structure is the sustainability of 

the concrete structure itself, concrete generally has a life expectancy of 

approximately 100 years, but researches have shown that addition of silica 

fume to the composition of concrete can extend the useful life of concrete. 

The need to increase the general life expectancy of concrete amongst other 

factors lead researchers to the development of a tyre of concrete which is 

known as ultra–high strength concrete “(UHSC) or Ultra-high performance 

concrete (UHPC)”  

UHSC refers to cement based materials exhibiting compressive strength 

higher than 150mpa, high ductility and excellent durability. UHSC is 

composed of cement, fine sand, quartz powder, micro silica, steel fiber and 

high range water reducing admixtures (HRWRA). (Srinivas Allena and 

Craig M. Newt son, 2010) 

It’s known that concrete has a very dense microstructure and the tight 

packing of the constituents of concrete account for the strength of the 

concrete and which would also mean that there will be no spaces for 

foreign substances which penetrate into the concrete and make it weak 

hereby reducing its lifespan. Methods such as; application of pre-setting 
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pressure, post-setting heat treatment, are known to enhance the dense 

microstructure in concrete by reducing the volume of pores present in the 

concrete. 

Hence, this work is aimed at investigating the effect of elevated 

temperature on the compressive strength of ultra high strength concrete. 

 

AIM AND OBJECTIVES 

❖ Aim 

The aim of this study is to investigate the effect of elevated temperature on 

compressive strength of UHSC using rice husk ash (RHA) as silica fume. 

❖ Objective. 

The objective of the research were to: 

i. Determine the suitability of steel fibre obtained from 

discarded tyres in the production of UHSC. 

ii. Determine the effect of silica fume produced from rice husk 

on the compressive strength of UHSC. 

iii. Determine the effect of elevated temperature on the 

compressive strength of Ultra high strength concrete. 

 

SCOPE OF THE STUDY 

This research work focuses on determining the effect of elevated 

temperature on the compressive strength of UHSC produced using RHA 

silica fume and steel fibre obtained from discarded tyres. All UHSC 

produced will  first be cured in water at laboratory temperature and on the 

third day some of the concrete cubes will be removed from the water and 

subjected to hot air curing at 200Ocin the oven for 48hours after which they 

are allowed to cool before returning it back to water and curing continues 

till 28 days. The compressive strength results obtained will be analysed 

using the response surface methodology. 

   

LITERATURE REVIEW 

HISTORY OF ULTRA HIGH STRENGTH CONCRETE 

Ultra high strength concrete is defined as concrete with a high compressive 

strength of more than 150mpa, improved durability and is an advanced 

construction materials that has paved way for the construction of more 
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complex engineering structure. This high performance material offers a 

variety of interesting applications, including the construction of 

sustenance and economic buildings with an extraordinary slim design. The 

high strength and ductility of the ultra-high strength concrete therefore 

makes it the ultimate building materials e.g. for bridge decks, Storage halls, 

thin-wall shell structures and highly loaded columns. Beside its improved 

strength properties, its outstanding resistance against all kind of corrosion 

is an additional milestone on the way towards no-maintenance 

constructions (schriftenreine, Massivball, 2004). 

UHPC has very special properties that are remarkably different to the 

properties normal concrete. However, before the discovery of Ultra-high 

strength concrete, construction materials have undergone an evolution 

since ancient time; they probably started with mud, straw and wood 

because they were handily available. Mud bricks and adobe structures are 

still being built by native people in many parts of the world. They can 

actually last a long time, given that the weather is favorably dry in this area 

(schriftenreine and Massivbau, 2004). The Minoan started to use lime 

mortar around 2000BC. The Greek used it too. But this materials can 

dissolve itself in water and it by adding a volcanic resistant. The Romans 

made a significant Improvement on it by adding a volcanic ash from the 

town of Pozzuoli (hence the name pozzolana). When tools became 

available, stones was widely used by the Greeks, Egyptians and Romans. 

The Romans were great builders who had their marks in a vast portion of 

the world, spanning most of today’s Europe and Middle East. They invented 

the arch, the vault and then the dome and they built many speculator 

aqueducts to carry water from the mountain to the cities. The concrete at 

the time, a mixture of lime, sand, stone and water, is pretty much the same 

as that used in many areas of the ancient world, or even today in many 

under developed countries. The high compressive strength of the ancient 

cement, in combination with bricks and stone, allowed them to build large 

arches and great domes. A stone girder can hardly span 5 meters. An arch, 

on the contrary, can span over 50 meters. The picture below shows the 

pantheon in Rome as, built around 128 AD which had a dome that spans 

43.3 meters, with stones and Roman concrete, which was the largest dome 

in the world for almost 1900 years. (schriftenreihe and massivbas, 2004).  
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In the past decades, all over the world researchers have attempted to 

develop  high performance cement based materials including hotr 

pressed cement, macro-defect free cement (MDF), densified with small 

particles (DPS), and slurry infiltrated fiber concrete (SIFC), but these 

materials can be hardly used in practice due to the extraneous process of 

forming them and the high costs involved but these materials have 

excellent performance (Birchall et al, 1981).  

 

Definition of ultra high concrete         

Ultra high strength concrete (UHSC) is also reactive powder concrete 
(RPC) and also as ultra high performance concrete. The concept of RPC was 
first produced in the early 1990s by researchers at Bouygues’ laboratory 
in france (Allena and Newtson 2010). RPC was developed using 
components with increased fineness and reactivity via thermal treatment 
it was characterized by high binder content, very low water-to-cement 
ratio, use of silica fume, fine quartz powder and superplasticizer and fibres. 
It generally has high mechanical properties (compressive strength over 
150 MPa), ductility, high toughness and excellent durability. The 
production of UHPC often uses thermal curing at  90oc or higher, vacuum 
mixing, and pressure before and during the setting. Although thes technical 
procedures are beneficial to mechanical properties of UHPC, they can 
result in low production efficiency and high energy consumption (Birchall 
et. al, 1981). 
In a more accurate sense, UHSC is not concrete because it contains no 
coarse aggregate. The steel fibers provide ductility to UHSC. This material 
differs from conventional concrete not only in terms of strength, but also 
in of durability. UHSC is more durable because the low water-to-cement 
ratio results in very low porosity. The possibility of achieving high 
strength, durability, and improved ductility with the use of ultra high 
strength concrete encourages researchers and engineers to use this 
modern in many practical applications like nuclear waste containment 
structures, high rise structure, long span bridges, and walkways. (Srinivas  
and Newtson 2010). 
 

Applications of UHPC          

Various application of UHPC in Europe, America, Australia, Asia and New 

Zealand have been report today, the pre-stressed hybrid pedestrian bridge, 

which complete in 1997 at sherbrooke in canada was the first engineering 
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structure application of UHPC (srinvas and Newtson), in 1997 and 1998, 

were cast in beams as the first industrial application. in 2001, the first 

UHOC road bridge was designed and conctructed at bourg-les-Valence in 

france (Srinivas and Newson 2010).  

Several of this application has made UHPC commercially available in the 

united state in about 2000 (graybeal, 2011). The federal highway 

administration (FHWA) began investigation the use of UHPC for highway 

infrastructure in 2001 and has been working state transportation 

departments to deploy the technology since 2002. This work has led to the 

use of UHPC in several bridge applications, including precast, pre-stressed 

girders; precast waffle panels for bridge decks; and as a joining material 

between precast concrete deck panels and girders and between the flanges 

of adjacent girder (Graybeal, 2011). The firs ultra-high performance 

concrete (UHPC can also be used as precast canopy components consist of 

half-shells, columns, tie beams, struts, and troughs. The Laurentienne 

Building in montreal, built in 1984, used a 106 MPa high performance 

concrete and the Two Union square building in seattle, USA, built in 1988, 

utilized a 145 MPa high performance concrete. (schriftenreihe and 

Massivbau, 2004). 

In canada, the first UHPC bridge was constructed in 1997 (Bleast and 

couture, 1999). This pedestrian bridge consists of a precast, post-

tensioned space truss. At least 26 bridges have been built in Canada using 

UHOC in one more components. 

In Germany,  a 12 million euro research program on development of UHPC 

2005, has just been completed (Schmidt, 2012). That program, funded by 

the German Research foundation, involved 34 research projects at more 

than 20 researches institutes in Germany. The purpose of the program was 

to elaborate on the basic knowledge so that reliable technical standards 

could be developed. The goal was to make UHPC a reliable, commonly 

available, economically feasible, regularly applied material. Several bridges 

that use UHPC have been built in Germany. In 2002, the first 

recommendations on the use of UHPC in structures were published in 

france (BFUP, 2011) this initial document addressed mechanical 

properties, structural design, and durability. Since 2002, several bridges 

have been built in france using UHPC. In 2009, several papers published in 
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French recommended update to the recommendations (Toutlemonde et 

al., 2002 Resplendino, 2009 and marchand, 2009). A similar set of design 

recommendation was developed for use in Japan (JSCE, 2006). Other 

countries with bridges using UHPC include Australia, Austria, Croatia, Italy, 

Japan, Malaysia, the Netherlands, New Zealand, Slovenia korea, and 

Switzerland. The literature searh identified a number of completed bridges 

using UHPC in one or more component. A major research program is 

currently underway in South Korea to investigate the use of UHPC in cable-

stayed bridge (fehling et al., (2012). it is obvious; therefore, that UHPC is 

receiving worldwide attention. The Seonyu pedestrian Bridge in Korea 

shown in fig2.2 is a showcase structure for UHPC (Schriftenreihe and 

Massivbau, 2004). 

  

Composition of ultra high strength concrete        

Ultra high basically contains cement, fine sand, powder, micro slilica, steel 
fibers and high range water reducing admixtures (HRWRA) and water. A 
variety of chemical admixtures are also sometimes used in different 
combinations. Ultra high strength concrete also specifically contain very 
low water-to-cement ratio (Schriftenreihe and mssivbau, 2004). When 
used in optimum dosages, the HRWRA reduces the water-to-cement 
materials ratio while improving the workability of concrete. The addition 
of micro silica enhances the mechanical properties of the paste by the filing 
voids, enhancing rheology, and producing secondary hydrate. The quartz 
powder is useful for its reactivity during heat treatment (Dili and 
santhanam, 2004). The mechanical properties of RPC are derived from the 
low of the water-to-cement ratio of this material, using HRWRA’S and the 
addition of silica fume. The lower water-to-cementitious materials ratio 
reduces the porosity of the cement paste and improves durability (Roux et 
al. 1996). TheUHPC used most often in North America for both research 
and application is a commercial product known as Ductal® 
Figure 2.7 show a typical composition of this material (US department of 

transportation, 2013). 

 

Table 1. Typical composition of Ductal® 

  Percentage 

Material                            lb/yd3      kg/m3             by weight 

Portland cement                 1,200      712               28.5 
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Fine sand                               1,720      1,020            40.8  

Silica Fume                            390         231               9.3 

Ground Quartz                     355          211               8.4 

HRWR                                      51.8         30.7              1.2 

Accelerator                             50.5         30.0              1.2 

Steel Fibers                             263           156              6.2 

Water                                        184           109              4.4  

 

Typical composition of a known UHPC (Source: US department of 

Transportation, 2013) 

Richard and Cheyrezy (1995) highlighted some recommended principles 

for the development of UHSC; 

• Removal of coarse aggregate to enhance homogeneity of the 

concrete.  

• Use of silica fume for pozzonalanic reaction. 

• Optimization of the granular mixture for enhancement of compacted 

density  

• Application of presenting pressure for better compaction.  

• Post-setting heat treatment to enhance the mechanical properties of 

the microstructure.  

• Addition of steel fibers to achieve ductility.     

 

Wile et al. (2011) gave the following recommendation for mix proportion 

for UHSC which were developed for use with commercially available 

constituent material; 

•  Cement with a moderate fineness and C3A content significantly 

lower than 8 percent.  

•  Sand-to-cement ratio of 1.4 for a maximum grain size of 0.8 mm 

(0.03 inches). 

•  Silica fume with very low carbon contest at 25 percent of the weight 

of cement. 

• Glass powder with a median particle size of 67× 10-6 inches 

(1.7um) at 25 percent of the weight of cement  

• High-range water-reducing admixture. 
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• Water-cement ratio of about 0.22. 

•  Steel fibers at 2.5 percent by volume.  

 

Thought, UHPC can be mixed in conventional mixers, the time for mixing 

UHPC varies than that of the convention concrete. Also with conventional 

concrete, the used of heat curing accelerates the strength and development 

of the mechanical properties of UHPC.   

 

MATERIALS AND METHODOLOGY 

MATERIAL 

The material used for this project are;  
• Dangote brand of ordinary Portland cement  
• fine aggregate  (fine sand, ground quartz (stone dust)  
• water  
• steel fiber  
•  high range water reducing admixture (HR WRA)  
• silica fume (rice husk ash)   

 

Cement  

The cement to be used is Dangote brand of Ordinary Portland cement of 
grade 42.5, which is available in the local market of Omu-Aran, kwara state. 
So as to avoid the solidifying of the cement or lumps it was kept protect 
from water and dampness. The cement conforms to IS 12269:1987. The 
specific gravity is 3.15; the initial and final setting times are 110min and 
260 min. The cement was used as a binder for all the constituent materials  
 

Fine aggregate  

Sharp sand obtained from the premises of Landmark University, Omu-
aran, kwara state was sieved through 300mm micron sieve and was used 
for all experiments, and also ground quartz obtained from a local quarry in 
Omu-Aran kwara state was sieve through 50mm micro sieve to obtain the 
quartz powder which was for the casting. 
 

Water 

Water to use for mixing was be potable water, suitable for domestic 

consumption gotten from the civil engineering laboratory, Landmark, 

University, Omu-Aran,  kwara state.  
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Steel fibre 

Steel fibre was obtained by burning of discarded tyres completely. After 

burning, steel fibers with diameter of 0.16mm were then selected and cut 

into length of 13mm with the aid of a mechanical cutter in the mechanical 

laboratory, Landmark University, Omu-Aran, kwara state. 

 

High range water reducing admixture (HRWRA) 

The high range water reducing admixture (superplasticizer) used was 

Conplast SP432MS which is a chloride free, super plasticizing admixture 

based on selected sulphonated naphthalene polymers. It was purchased 

from purechem manufacturing limited, Lagos, Nigeria.  

 

Silica 

Silica fume was obtained  from rice husk ash. The rice husk used was gotten 

from a local rice mill in Omu-Aran, kwara state and burnt completely into 

ashes. The furnace improvised for the burning of the rice husk is as shown 

below in figure 3.la and b. It consisted of a drum into which two circular 

steels wire mesh of diameters 300mm (inner wire mesh) and 600mm 

(outer wire mesh) were inserted. The drum was perforated beneath with 

ten 10mm holes to aid the combustion process. Prior to commencement of 

burning the rice husk, it was dried under the sun to remove its water 

content and to ensure faster burning. During burning, hot coal from 

Landmark University cafeteria kitchen was gotten, mixed with dry coal to 

ignite the dry coal and then put in the inner wire mesh and the rice husk 

was placed into the outer wire mesh,. Then rice husk was then left for about 

18-24 hours when it was completely burnt after which it is collected and 

stored in an air tight container. 

 

METHOD 

Experimental Design  

The optimization of the constituent of UHSC will be done considering three 
factors; ordinary Portland cement of grade 42.5, RHA and sand. Other 
factors like quartz powder; high rang water reducing admixture, steel fiber 
and water was kept constant at 26.38g, 3.75g, and 190.5 and13.63g 

respectively. A total of 20 experimenter runs were generated using the 
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central composite rotatable design which is a subset of response surface 
methodology. Each numerical factor is varied over five (5) levels they are 
plus Alpha (+α), minus Alpha (-α), (axial/star point)+(high level), -1(low 
level) (factorial points) and the center point mid-level) as shown in table 
3.1 below. This will be conducted in two blocks:  
 a) Twelve runs: composed of eight factorial points, plus four center points  

 b) Eight runs: composed of six star/axial points plus two more center 

points 

 

Variation of numerical factors 

Factors Units  Low Level  Mid Level  High Level  Minus Alpha  Plus Alpha 

                      (-1)                (0)                (1)                (-α)                (+α) 

Cement G        70                   110             150       42.72828678   177.2717  

RHA       G        20.63             40.63           60.63    6.9914339       74.26586 

Sand      G        50                 95         140        19.1932263     170.6807                                          

 

The three factors are represented as × 1,    × 2 and ×3 as presented in the 

table 3.2 give a clear picture of the above explanation. 

 

Table showing experimental actual factors 

Std      Runs      Block        Type    Factor 1        Factor2           Factor 3 

                                                     ×1:Cement (g) ×2:RHA(g)      ×3 Sand(g) 

7          1           Block 1    Factorial     70.00         60.63             140.00 

1          2           Block 1    Factorial     70.00         20.63             50.00 

10        3           Block 1    Center        110.00       40.63             95.00 

5          4            Block 1   Factorial     70.00         20.63             140.00 

3          5            Block 1   Factorial    70.00           60.63             50.00 

6          6            Block 1   Factorial    150.00         20.63             140.00 

9          7            Block 1   Factorial    110.00         40.63             95.00 

2          8            Block 1   Center        150.00        20.63              50.00 

12        9            Block 1   Factorial    110.00        40.63              95.00 

11        10          Block 1   Center        110.00        40.63              95.00 

4          11          Block 1   Center        150.00       60.63              50.00 

8          12          Block 1   Factorial     150.00       60.63              140.00 

13        13          Block 2   Axial            42.73         40.63              95.00 



INTERNATIONAL JOURNAL OF PURE AND APPPLIED SCIENCE  

(VOL. 10 NO.1) JUNE, 2019 EDITIONS 

 
 
 
 

52 

16        14          Block 2   Centre        110.00       74.27              95.00 

18        15          Block 2   Axial            110.00       40.63              170.68 

15        16          Block 2   Axial            110.00        6.99                95.00 

19        17          Block 2   Axial            110.00        40.63              95.00 

14        18          Block 2   Axial            177.27        40.63              95.00  

17        19          Block 2   Center         110.00        40.63              19.32 

20        20          Block 2   Axial             100.00        40.63              95.00 

 

Table showing experimental coded factors 

Std              Runs           Block             Factor 1             Factor2             Factor3  
                                                             ×1: Cement (g)  ×2:HRA(g)        ×3Sand (g) 

7                 1                 {  1 }              -1.000                  -1.000                -1000 
1                 2                 {  1 }              -1.000                  -1.000                -1.000 
10              3                  {  1 }              0.000                    0.000                  0.000  
5                4                  {  1 }              -1.000                  -1.000                 1.000 
3                5                  {  1 }              -1.000                   1.000                 -1.000 
6                6                  {  1 }                1.000                  -1.000                 1.000 
9                7                  {  1 }                 0.000                  0.000                 0.000  
2               8                   { 1  }                 1.000                  -1.000                 -1.000  
12            9                   { 1 }                  0.000                   0.000                  0.000 
11            10                 { 1 }                  0.000                  0.000                  0.000 
4               11                 { 1 }                 1.000                   1.000                 -1.000 
8                12                { 1 }                  1.000                    1.000                1.000 
13            13                { -1 }                   -1.682                  0.000                0.000 
16            14                { -1 }                     0.000                 1.682                 0.000 
18            15                { -1 }                     0.000                 0.000                 1.682 
15            16                { -1 }                     0.000                -1.682                 0.000 
19            17                { -1 }                     0.000                  0.000                0.000 
14            18                { -1 }                       1.682                  0.000             0.000 
17           19                 { -1 }                       0.000                    0.000           -1.682 
20           20                 { -1 }                       0.000                    0.000             0.000   

 
 

Mixing  

mixing of the material was done using the control mixer of a capacity of 

48kg the rice husk ash, cement, sand and quarry dust were mixed properly 

unity the mix was homogenous after which the water mixed with the 
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HRWRA was then added and then the steel fiber was added and mixing 

continued for other four minutes and then poured out into the head pan. 

  

Placement, Demoulding and Curing 

After thorough mixing for each run, the concrete was then vibrated into six 

50mm×50mm×50mm mould which were lubricated for easy removing of 

the cubes. The cubes were then left for 24 hours after which they are 

demoulded, weighed and then place in the curing tank for 72 hours, the 

eight cubes for each run are removed, weighed and then four cubes of each 

run are cured in an oven at 2000c for 48 hours while the remaining four 

cubes are returned into the curing tank. 

After 48 hours in oven, the cubes placed in it are removed, and weighed 

and returned back into the curing tank where they remain till all cubes for 

each run are removed, weighed and crushed on the 28th day. 

 

Compressive strength test 

On the 28th day, four replicates of each of the 50mm×50mm×50mm 

specimens i.e. those subjected to heat treatment those left in the curing 

tank were then removed from the curing tank and weighed. The concrete 

cubes were tested for strength in compression using the crushing machine, 

by the placing it on a smooth bed of the machine and applying the load to 

the opposite face of the machine. The machine was then switched on and 

the load applied gradually unit the cube failed and this load was recorded.     

 

RESULTS AND DISCUSSION  

This chapter details the results of various tests performed as well as the 

analysis and discussion of the test data which includes compressive test.  

As mentioned before, the input variables in the experiment were cement 

weight (g), RHA weight (g) and sand weight (g) which are noted in the 

analysis of variance with A, B and C respectively and the responses are 

compressive strength of water curing (R1) in a curing tank and curing with 

elevated temperature (R2) as show in table 4.1. 

Hence to evaluate the influence of these independent factors on expert 

software according to CCD model and results determined based on 

confidence level at 95 %( 𝛼=0.05). The significant of each term can then 
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be evaluated using the probability value (P-value). The significance Terms 

or factors would have value of probability which is greater than 

95%(α≤0.05) and the null hypothesis (H0) will be rejected and the 

probability value of insignificant terms will be less than 95% (α≥ 0.05) and 

after which are insignificant are removed from the final analysis and 

equation. Table 4.2 and 4.3 show the result of the ANOVA for initial analysis 

of the compressive strength R1 and compressive strength R2  

In table 4.2, the probability value for A (cement) and C (sand) were 0.0002, 

<0.0001 and 0.0343 respectively which is less than 0.05 and signifies that 

all three factors were effective with probability level which is greater than 

96%. Also, the interaction between AB (cement and RHA) had a probability 

value of 0.0120, which signifies that the interaction between AB was also 

very effective. however, interactions AC (Cement and sand) and BC (RHA 

and sand) had probability values 0.7776 and 0.759 respectively which is 

more than 0.05 indicating that the two interaction had no affect on the 

response trend i.e. they are not significant and both of the interaction 

would be removed from the final analysis and equation. Finally, the square 

of A and square C with probability values 0.4346, 0.9272 have no 

significant effect on the response compressive strength R1 and would also 

be  

From table 4.3, it is observed that A (cement) and B (RHA) were 

significantly effective on the compressive strength R2  with probability 

values greater than 99% but the input variable C (sand) did not have a 

reasonable effect on the compressive strength R2. All three interactions AB, 

AC and BC also were insignificant as their probability values 0.4289 and 

0.6543 too were insignificant, from comparing the two responses, it can be 

obtained that input variables A and B (cement and RHA)were effective on 

both compressive strength R2. About interactions, it is quit visible that 

interactions were not effective on both responses except for interaction AB 

which had very significant effect only on response R1 and R2 but the square 

of B was effective on both but had greater effect on R2. 

Moreover “lack of fit” was not significant model fits the data satisfactorily 

but “lack of fit” was significant for compressive strength R2 which means 

that the specified model doesn’t fit the data. 
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The regression coefficient from the first step of analysis for compressive 

strength R1 and R2 are shown in t able 4.4; term which are significant i.e. 

with P-value more than 0.05 are pointed out with an asterisk while terms 

with P-value more than 99% are pointed out with two stars. According to 

this coefficient the second order polynomial model based on initial analysis 

which involves both significant and significant terms for compressive 

Strength R1 and R2 are gives as: 

Regression equation (Initial analysis)                                                                                      

YR1 =42, 77920+0.19006X1-1.14756X2-

0.15597X3+4.12241E(X1)+0.010903(X2)2 -3.74349E-005(+X2)-

4.24375E-003X1 X2+1.07500E-003X1 X3+2.41111E-003X2 X3 (EQN4.1)  

YR= 35.79928+ 3.45763E-003X1-1.15200X2 + 0.10501X3 + 5.11697E-

004(X2) 2 + 7.41196E-(X2)-2.25981E-004(X3)2+1.07500E-003X1 X2-

7.2222E-004X1 X3+2.3333E-004X2 X3(EQN) 

Analysis of variance was carried out again after the non effective terms on 

the responses were eliminated and the results for both compressive 

strength R1 and R2 are as presented in tables removing the insignificant 

ones and there was also an increase in the fitness of the model as a result 

of the increase in the P-value of ‘’lack of fit’’ for both responses. Hence, the 

regression coefficients obtained after the final the analysis are as 

presented in table 4.7 

 In table 4.2 the probability value for A (cement) B (RHA) and C (sand) 

were 0.222, <0.0001  and 0.343 respectively which is less than 0.05 and 

signifies that all three factors were effective with probability level which is 

greater than 96% .Also, the interaction between AB (cement and RHA) had 

a probability value of 0.02120, which signifies that the interaction between 

AB was also very effective. However, interaction AC (Cement and sand) and 

BC (RHA and sand) had probability valves 0.7776 and 0.759 respectively 

which is more than 0.05 indicating that the two interactions had no effect 

on the response trend i.e. they are not signifies and both of the interaction 

would be removed from the final analysis and equation. Finally, the square 

of A and the square C with probability values o.4346, 0.9272have no 

significant effect on the response compressive strength R1 and would also 

be From table 4.3, is observed that A (cement) and B (RHA) were 

significantly effective on the compressive strength R2  with probability 
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values greater than 99% but the input variable C (sand) did not have a 

reasonable effect on the compressive strength R2. All three interactions AB, 

AC and BC also were insignificant as their probability values were all less 

than 95% and so as the square A and the square of C with probability values 

0.4289 and 0.6543 too were insignificant. However, the square of B was 

very significant with probability value of 98.5%. Generally, from 

comparing the two responses, it can be obtained that input variable A and 

B (cement and RHA) were effective on both compressive strength R1 and 

compressive strength R2Input variable C (sand) was effective on 

compressive strength R1 but wasn’t effective on compressive strength R2. 

About interaction, it is quit visible that interactions were not effective on 

both responses except for interaction AB which had very significant effect 

only on response R1. The square of the input variable A and C were not 

effective on either of the two responses R1 and R2  but the square of B was 

effective on both but had a greater effect on R1.  

moreover  “lack of fit” was not significant for the compressive strength R1 

with P-value of 0.4007 which means that specified model fits the data 

satisfactorily but “lack of fit” was significant for compressive strength R2 

which means that the specified model doesn’t fit the data. 

The regression coefficients from the first step of analysis compressive 

strength R1 and R 2 are show in table 4.4; term which are significant i.e. with 

P-value more than 0.05  are pointed out with an asterisk coefficient and 

second order polynomial model based on initial analysis which involves 

both significant and insignificant terms for compressive strength R1 and  R2 

are gives as;  

Regression Equation (Initial analysis)  

YR 1 =42.77920 + 0.19006X1 -1.14756X2  -0.15597X3  +4.12241E-004(X1)2 

+0.010903(X2)2  -3.74349E-005(X3)2  -4.24375E-003X 1    X 2+  1.7500E-

003X1 X3  + 2.41111E-003X2  X3  

(EQN 4.1)      

YR2  = 35.79928 +3.45763E-003X1  -1.14756X2   -0.15597X3 + 5.11697E-

004(X1)2 + 7.41196E-003(X2 )2 -2.25981E-004(X3)2 + 1.07500E-003X1  X2- 

7.22222E-004X1   

X3 + 2.33333E-004X2  X3 (EQN 4.2)  
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Analysis of variance was carried out again after the non-effective terms on 

the response were eliminated and the results for both compressive 

strengths R1 and R2 are as presented in tables 4.5 and 4.6 where it can be 

observed that the P-value of the remaining terms are reduced after 

removing the increase in the P-value of “lack of fit” for both responses. 

Hence, the regression coefficients obtained  after the final analysis are as 

presented in table 4.7. 

The reduced of final regression model based on the final coefficients for 

both responses will hence written as;  

Regression Equation (final analysis)  

YR1 =32.00790+020564X1-0.92004X2-0.045872X3+0.010771(X2)2 -

4.24375E-003X1 X2 (EQN 4.3) 

YR2 =32.87456+0.9109X1-1.00492X2+7.32989E-003(X2)2 (EQN 4.4) 

The coefficients of determination (R2) for both the initial and the final steps 

of analysis for both response as shown in table 4.4 and 4.7 is also another 

criterion which can be used in the evaluation of the ability of reduced 

model in predicting results. The closer the value of R2 is to 100% the more 

accurate estimate of results that can be provided. From the tables, it is seen 

than the values of R2 for compressive strength R1 are 96.26% and for 

compressive strength R2the values of R2 are 90.86% and 88.30% in the 

initial and final models respectively. It is seen therefore that the 

magnitudes of the values of R2  for compressive strength R1  are more than 

that obtained for compressive strength R2. These high values for R2 only 

indicate that the repressor in the model couldn’t account fro about 10% of 

the total variability and hence the model selected did not give a good 

estimation of responses in the range that was studied. figures 4.1a and 4.1b 

displays the normal probability plot of residuals obtained from first step of 

analysis for compressive strength R1 and compressive strength R2. The plot 

usually determines whether a particular distribution fit collected data and 

allows comparing different sample distribution. The plotted points falling 

close to the fitted distribution line and falling closely together means good 

fitness of selected distribution. Figure 4.1a and 4.2b show that for 

compressive strength R1 the fitted points fell closer to the distribution line 

but were a little bit farther from each other for compressive strength R2. 

Also, figure 4.2a and 4.2b show that after the removal of non-significant 
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terms, the plotted points for compressive strength R1 are closer to each 

other after the initial analysis and for compressive strength R2, the plotted 

points became a little widely spread than after the initial analysis.  

  figure 4.3a and b displays the main effect plot of factor A (cement) on R1 

and R2,it can be observe that R1 and R2 generally increased with an 

increased in the quantity of cement added but as shown, at the +alpha level 

the effect of cement was the highest on both responses. Figure 4.4a and b 

also shown  the main effect plot of factor B (RHA), as seen in this figure, 

then magnitude of compressive strength R1 and compressive strength R2 

decreases with increasing weight of the factor (RHA). This shows that the 

addition of RHA had a negative significant effect on the responses. finally, 

figure 4.5a and b show the main effect plot of factor C (sand), it is clear that 

the magnitude of compressive strength R1 and R2 did not have an obvious 

change with increasing or decreasing quantity of sand, the compressive 

strength was higher than the addition at other levels.  

From this part, generally it can be conclude that all obtain results were in 

agreement with the ANOV A tables and also the sign of the fitted regression 

coefficients. However, the rate of influence of factor B (RHA) was more 

than that of then two factors according to the gradients of the main effect 

graphs.  

Figure 4.6a and b displays the 3D and 2D contour plots for the effect of the 

interaction of RHA and cement on compressive strength R1 while sand was 

holding at zero level. However, in cases where the interactive terms are not 

significant, their surface plots are not represented. Figure 4.6a and b shows 

that compressive strength R1 increased significantly with an increase in the 

quantity of cement with a corresponding decrease in the quantity of RHA. 

figure 4.7a and b also displays the 3D and 2D contour plots for the effect of 

the interaction of RHA and cement on compressive strength R2, while a 

corresponding decrease in the quantity of RHA also leads to an increase in 

compressive strength R2. 

 

CONCLUSION AND RECOMMEDATION  

CONCLUSION  

Based on the study, the following conclusion can be drawn;  
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• This study made the examination of the silica  fumes produced 

from the burning of rice husk and the effect of elevated 

temperature curing on the compressive strength of ultra high 

strength concrete. The results of the study provide the details of 

the compressive strength test carried out on all cubes and 

analysis of the results with ANOVA.  

• The positive of this work show steel fibre can be gotten from the 
burning of discarded tyres. However, the addition of RHA as 
pozzolanic to the material to the concrete reduced is 
compressive strength, which could be attributed to the process 
of burning of the rice husk. 

• The variation of three factors had effects on the compressive 

strength. 

• There is a decrease in the compressive strength of concrete with 
corresponding increase in the quantity of RHA production of 
UHSC.  

• There is also a decrease in the compressive strength with 
corresponding increase in the quantity of sand. 

• curing at elevated temperatures generally decreases the 
compressive strength of UHSC.         

 

RECOMMENDATION  

From the result of this research work, I recommend that attention should 

be paid to the characterization of RHA. 
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